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Preface
Recently, a significant effort has been devoted to the investigation of ZnO as a suitable semiconductor for UV light-emitting diodes, lasers, and detectors and hetero-substrates for GaN. Research is driven not only by the technological requirements of state-of-the-art applications but also by the lack of a fundamental understanding of growth processes, the role of intrinsic defects and dopants, and the properties of hydrogen. The NATO Advanced Research Workshop on "Zinc oxide as a material for micro-and optoelectronic applications", held from June 23 to June 25 2004 in St. Petersburg, Russia, was organized accordingly and started with the growth of ZnO. A variety of growth methods for bulk and layer growth were discussed. These techniques comprised growth methods such as closed space vapor transport (CSVT), metal-organic chemical vapor deposition, reactive ion sputtering, and pulsed laser deposition. From a structural point of view using these growth techniques ZnO can be fabricated ranging from single crystalline bulk material to polycrystalline ZnO and nanowhiskers. A major aspect of the ZnO growth is doping. n-type doping is relatively easy to accomplish with elements such al Al or Ga. At room temperature single crystal ZnO exhibits a resistivity of about 0.3 -cm, an electron mobility of 225 cm 2 /Vs, and a carrier concentration of 10 17 cm -3 . In n-type ZnO two shallow donors are observable with activation energies of 30 -40 meV and 60 -70 meV. It has been established that the shallower donor is interstitial hydrogen while it is believed that the deeper donor is a group IV element such as Al. On the other hand, reliable p-type doping is very difficult to achieve. Usually group I and group V elements are used as acceptors. So far the most common acceptor has been nitrogen because it should readily substitute for O and not distort the lattice significantly. A major problem is xv xvi the fact that most growth techniques either use hydrogen as a transport gas or H containing precursor gases such as NH 3 . Therefore, in order to achieve ptype conductivity ZnO has to be subjected to a post-growth thermal treatment at temperatures above 650 °C. The purpose is two-fold: (i) interstitial hydrogen donors are eliminated and (ii) H passivated nitrogen acceptors are activated. The properties of H in ZnO expand well beyond the formation of donors and the neutralization of impurities and deep defects. The presence of "hidden H" has been suggested, which might be molecular H 2 that can be activated to form IR active O-H centers. Moreover, in sputtered ZnO the total H concentration can be as high as 10 21 cm -3 . In addition, with increasing H concentration the average H binding energy increases; H becomes more strongly bound. Besides N, phosphorous and arsenic have been successfully used to fabricate p-type ZnO. Since the fabrication of p-type ZnO becomes more and more reliable the fabrication of p-n homojunction LEDs is not far off.
Recently, a new and rapidly developing area emerged, namely the field of transparent electronics based on ZnO transparent thin-film transistors. These devices exhibit an on-off ratio of 6 orders of magnitude, a channel mobility of 1 -3 cm 2 /Vs and can be fabricated at room temperature. Hence, already in the near future invisible large area electronics based on ZnO will revolutionize the electronics market. Although first small steps towards ZnO based optoelectronic applications are currently being made there is still a vast lack of fundamental knowledge regarding doping mechanisms, influence of impurities, formation of point and line defects, and their interactions with hydrogen. Some controversies and questions that arose during the workshop are based upon the fact that a materials basis for state-of-the-arte ZnO has not been established yet. Depending on the fabrication process the materials qualities such as impurities, their concentration, H content, number of point defects and grain boundaries can vary significantly.
This book reviews the latest experimental and theoretical studies in the field of ZnO. The chapters reflect the topics that were discussed during the NATO advanced research workshop, which brought together researchers from NATO countries, Russia, Ukraine, and Kazakhstan to encourage cross fertilization and wider dissemination of the advances in this important research field.
We would like to thank NATO for funding the Advanced Research Workshop. Above all, we would like to thank all participants for their interest in this workshop and active work in the vibrant field of ZnO.
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